The tyrosinase inhibitory activity of the extracts of 53 parts of 36 plant species cultivated for edible and medicinal use in Okinawa was investigated. The extract of Nandina domestica showed potent activity among these. The inhibitor in the extract was purified by assayguided fractionation to give a simple phenol glucoside. Although it was a known compound (4--D-glucopyranosyloxybenzoic acid), its inhibitory activity toward tyrosinase is revealed for the first time in this work.
The Okinawa area is located at the southern end of Japan and consists of more than 100 islands. Only Okinawa has a subtropical climate in Japan, which allows both tropical and temperate plants to grow or be cultivated.
1) The inhabitants of Okinawa have traditionally utilized such plants; for instance, medicinal herbs and characteristic Okinawan foods. Some studies have indicated that the intake of typical Okinawan medicinal and edible plants contributes to the longevity of the local people. 2, 3) We have collected a large variety of plant species, most of which have been used for traditional medicines in the Okinawa area, and examined their useful functions such as antioxidant activity. 4, 5) It is well known that oxidative deterioration of biomolecules interferes with the quality control of food and the health preservation of living systems. This deterioration involves two components responsible for enzymatic and nonenzymatic oxidation. Nonenzymatic oxidation can be protected by an antioxidant, and enzymatic oxidation can be prevented by typical inhibitors. Tyrosinase is one of the oxidation enzymes widely distributed in plants, microorganisms, and animals.
6) It is also responsible for melanization in animals. The tyrosinase inhibitor has therefore attracted strong interest not only for food science but also for health science. 7) We report in this paper the screening results for tyrosinase inhibitory activity of plants cultivated for edible or traditional medicinal use in Okinawa. Structural identification of the active compound was also carried out for one of the active plants, Nandina domestica.
Test samples of the plant extracts were prepared by the ethanol immersion method described previously. 4) Briefly, each dry plant material (30 g), which had been prepared by drying at 60 C for 12 hour with a circulatory dryer, was immersed in ethanol (350 ml) for 6 days at room temperature. The ethanol solution was filtered, and the resulting filtrate was evaporated to dryness to give each plant extract. The tyrosinase inhibitory activity of the extracts was evaluated by using L-DOPA. The 96-well microplate method is very convenient for a screening assay involving many samples; therefore, our previously reported method was employed as method A. 8) Briefly, eight wells in total were designated as A (three wells), B (one well), C (three wells) and D (one well) which contained the following reaction mixtures: A, 120 ml of a 1/15 M phosphate buffer (pH 6.8) and 40 ml of tyrosinase (46 units/ ml) in the same buffer; B, 160 ml of the same buffer; C, 80 ml of the same buffer, 40 ml of tyrosinase (46 units/ ml) in the same buffer, 40 ml of an appropriate amount of the sample-buffer solution containing 5% DMSO to dissolve the sample; D, 120 ml of the same buffer and 40 ml of the same amount of the sample solution containing 5% DMSO. The contents of each well were mixed and then incubated at 23 C for 5 min, before 2.5 mM of L-DOPA in the same buffer was added. After incubating at 23 C for 5 min, the absorbance at y To whom correspondence should be addressed. Fax: +81-88-656-7244; E-mail: masuda@ias.tokushima-u.ac.jp 475 nm of each well was measured. The percentage inhibition of the tyrosinase activity was calculated by the following equation: f½ðA{BÞ À ðC{DÞ=ðA{BÞg Â 100. When using raw extract as a test sample, some constituents in the extract often reacted with tyrosinase, which interfered with obtaining accurate data. Therefore, the highly active extracts, which could be selected by method A, were re-examined by method B, in which the tyrosinase solution was finally added to the test solution (a mixture of test sample and L-DOPA in a phosphate buffer), and the increased absorbance was measured 5 min after the tyrosinase addition, the other conditions being the same as those for method A. The data are shown in Table 1 .
The tyrosinase inhibitory activity of each ethanol extract from 53 parts of 36 plants cultivated in Okinawa was examined first by method A at a concentration of 0.5 and 0.15 mg/ml. As shown in Table 1 , the extracts of rhizomes of Alpinia speciosa, aerial part of Cymbopogon citratus, stems of Elaeagnus glabra, stems of Heritiara littoralis, underground part of Hypericum chineuse, and leaves of Nandina domestica exhibited remarkably strong activity. These strongly active extracts were subjected again to the tyrosinase inhibitory assay by the method B procedure. Nandina domestica and Cymbopogon citratus remained as strongly active extracts by both methods A and B.
Nandina domestica (Japanese name: Nanten) is a traditional medicinal herb not only in Okinawa, but also throughout Japan. 9) Its fruit is well known to be a traditional antitussive medicine; however, the leaf part is rarely used except for decorating Japanese dishes. We attempted in this research to isolate and purify the active principle from the leaf part. Dry leaves of N. domestica (61 g) were immersed in ethanol (800 ml) for 5 days at room temperature. After filtering, the filtrate was immersed again under the same conditions. The obtained ethanol solution was evaporated to dryness to give an ethanol extract (20.4 g). This extract was suspended in methanol-water (9:1, 200 ml) and partitioned with hexane (200 ml). The hexane layer was evaporated to give a hexane extract (1.3 g ). The methanolic layer was evaporated and suspended again in water (300 ml). The suspension was extracted twice with ethyl acetate (300 ml and 150 ml) to give an ethyl acetate extract (6.1 g after evaporation). The suspension was next extracted twice with water-saturated butanol (300 ml each) to give a butanol extract (6.2 g, after evaporation) and the remaining water-soluble part (5.3 g, after evaporation). The inhibitory activity of each of these extracts was measured at the concentration of 0.08 mg/ml. A comparison of their activity [percentage inhibition of the hexane extract, 14.3; ethyl acetate extract, 33.3; butanol extract, 33.3; water extract, 42.9] identified most potent water extract for further purification. Figure 1 shows the analytical HPLC profile of the water extract. A very large peak was observed at 16.1 min and moderately large peaks at 12.6 min and 10.6 min. To discriminate the peaks for the active compounds, the eluate from HPLC was collected every 1 min, and all collected fractions were subjected to the tyrosinase inhibitory assay after freeze-drying, the data being summarized at the bottom of Fig. 1 . These data enabled the compound corresponding to the peak at 12.6 min to be recognized as one of the most powerful constituents of the water-soluble part of the extract. The peak was further purified by a preparative HPLC [column, Develosil ODS-10/20 (20 Â 250 mm); solvent, 1% AcOH aq.-MeOH (9:1); flow rate, 11 ml/min] to give compound 1 (11 mg) from 900 mg of the water extract as a colorless amorphous solid, ½ D 27 À39:0 10) The absolute configuration of the glucose part of 1 was determined to be D by considering its negative optical rotation value. This compound has been identified in several plant species, 10, 11) although identification in Nandina domestica is for the first time (Fig. 1) .
The inhibitory activity of isolated 1 and of each reference sample was measured, the data being summarized in Table 2 . 0.3 mM of compound 1 showed inhibition of tyrosinase activity (44.9% inhibition). A potent inhibitor, kojic acid, inhibited tyrosinase with a percentage inhibition of 73%, and structurally related arbutin, which is one of the tyrosinase inhibitors in melanocite cells, 12) did not show any inhibition under the same conditions. Although compound 1 is a weaker inhibitor than kojic acid, it should contribute to the strong tyrosinase inhibitory activity of the water-soluble part of the extract from the leaves of Nandina domestica. This is the first finding of tyrosinase inhibitory property of the leaves of N. domestica, and the extract of the plant or active constituent would be applicable as a preventive agent of the an enzymatic oxidation of food and living systems, especially as a skin whitening agent for human skin. 
